Background: Specialist training provides skilled workforce for service delivery. Stroke medicine has evolved rapidly in the past years. No prior information exists on background or training of stroke doctors globally.
Introduction
Given the overall worldwide body of knowledge in medicine increases constantly and at an accelerating rate, it is not possible to fully master the entire spectrum. Therefore, most doctors engage in specialist and subspecialty training. Further, continuous medical education, mostly provided by scientific specialist organizations, is necessary to maintain reasonable standards of practice. However, the way doctors are trained and healthcare services are delivered vary from country to country.
Over a period of a few decades, the treatment of stroke patients has transformed from passive observation on general medical wards to active, specialized care, rich in protocols and procedures. Stroke units and revascularization therapies have been the most practice-changing advances. These and various other new techniques such as carotid endarterectomy, stroke intensive care, and neurosurgical interventions require highly skilled personnel. 1, 2 As a consequence, a subspecialty of ''strokologists'' has emerged in clinical practice, 3 but educational systems have often not formalized this development. Changes in stroke medicine will have profound effects on workforce demand in the future. 4 Currently, stroke patients are being cared for by various specialists in different settings, including neurologists, neurosurgeons, geriatricians, emergency doctors, rehabilitation specialists, and general physicians. No comprehensive data exist on global practices of educating stroke doctors.
The aim of this study was to answer three questions: Which specialties do doctors treating stroke patients represent? How are they being trained? Do they have scientific organizations to ensure quality in continuous medical education?
Methods
The study was endorsed and co-ordinated by the Young Stroke Professionals Committee of the World Stroke Organization (WSO), the global scientific organization for stroke medicine.
We performed an expert survey using short e-mailed questionnaires (Online Panel A). Two stroke experts from each selected country, at different stages of their career, and different institutes were approached and invited to participate. The respondents were primarily identified among WSO members, and if not available, through national stroke organizations, or stroke-related publications. An e-mail questionnaire accompanied by a letter of invitation was sent, followed by two reminders as needed. If no replies were received, another person from the same country was approached. The responses of the two experts from each country were compared. Any discrepancies were clarified with the experts and checked against further sources. Further descriptions of existing stroke-specific curricula were sought from the identified curriculum contacts.
We limited the scope of our study to countries which were Organisation for Economic Co-operation and Development (OECD) members with > 1 million population or non-OECD countries with a population of >50 million.
Results
We received responses from all countries except Bangladesh, with a response rate of 98% of the countries selected. For Bangladesh, we used publicly available data on numbers of doctors. The 49 countries included represent 78% of world population, 85% of world strokes, and >95% of global stroke research output. 5 With a few exceptions, 6-11 the experts did not identify published articles on the number of stroke patients treated by different specialties. Therefore, the country estimates of stroke doctor specialties are mainly based on expert opinion. In most countries, stroke patients were treated by neurologists. In some, mostly Commonwealth countries, general medicine was the main treating specialty. Treatment of intracerebral hemorrhage varied by country between neurology, general medicine, and neurosurgery ( Figure 1 ). The numbers of neurologists and neurosurgeons per population differed widely by country (Table 1 and Figure 2 ). Also the content and duration of specialist training in neurology and neurosurgery varied across countries, being typically five years in duration, but ranging from two to seven (Online Table 1 ).
Ten of the included countries had a specialty, subspecialty, or similar national degree in stroke medicine. Additionally, the European Stroke Organisation has a training program in collaboration with the Donau University Krems in Austria. The duration of the stroke programs ranged from nine months to three years ( Table 2 ). Further information on the programs is available via links in Online Panel B.
All but seven of the countries had a national stroke society. Many, but not all of these societies were International Journal of Stroke, 12 (8) member organizations of the WSO. The highest WSO member rates per population were from Australia ( Table 3 ).
Discussion
As health service delivery in the field of stroke is rapidly evolving, and in light of the increasing stroke incidence due to an aging world population, stroke specialist training faces distinct challenges. In this survey, we, for the first time, summarized the specialist background, current curricula, and national scientific societies in stroke medicine. While the main specialty responsible for stroke in most countries was identified as neurology, many countries are an exception to this rule, and the main treating specialty of intracerebral hemorrhage varied widely. Stroke societies exist in almost every country, but stroke curricula are less common. These existing stroke programs can be utilized as a framework by countries and organizations International Journal of Stroke, 12 (8) that plan to develop a new, or revise an existing, stroke training curriculum. Notably, in many countries, the main treating specialty for stroke is internal/general/geriatric medicine. Although risk factors for stroke and acute complications fall largely in the field of these specialties, the differential diagnosis and long-term complications are neurological. Therefore, neurologists well trained in general medicine may be best suited to treat stroke patients.
Specialist training in medicine and neurology is rapidly changing, with a trend towards subspecialization. 13 In the English literature, a subspecialty in stroke was first suggested in 1997, 14 and then established in 2003 in the USA 15 and in 2004 in the UK. 16 Later, subspecialty training in neurovascular interventions 17 and neurocritical care 18 has been set up in the USA. Even working fulltime in a hospital, the so-called neurohospitalist has been suggested to be a specialized group of neurologists. 19 A policy paper on what European young neurologists considered important in stroke training has been published 20 but has received little attention since. Despite harmonization of higher education in Europe through the Bologna process, the education and healthcare systems still differ widely within the continent. Basic medical degrees are mostly not involved in this European unification, and specialist training not at all. To our knowledge, no other attempts exist for International Journal of Stroke, 12 (8) harmonizing medical education internationally. The data published here provide new insights into how stroke is being taught globally and may serve to help build collaborations between different systems and thus converge education in the future. A recent literature review of medical education in the field of neurology failed to identify any articles comparing specialist training programs in neurology or stroke. 21 There is very little data on stroke education overall. In 1992, primary care physicians' and second year medical students' knowledge on stroke was studied in Minnesota, USA, finding disturbing knowledge gaps in both groups. 22 In 1995, a report on undergraduate and postgraduate training in cerebrovascular disease, International Journal of Stroke, 12 (8) based on a survey of 40 centers in USA and Canada, concluded that stroke was hardly being taught at all during the course of basic medical training or specialist training in internal medicine. 23 When stroke components have been introduced to basic medical training, retained learning and student satisfaction were demonstrated in a study at the University of Massachusetts. 24 Neurology specialist curricula and training practices have been evaluated on national level in Finland, but only published in Finnish. 25 It is quite possible that there are many other national and nationally published studies on specialist training which we were not able to identify. As specialist medical training in general serves national demand, details are often not available in English or published in the international literature. We were positively surprised to learn of the 11 existing curricula described in Table 2 and Online Panel B. For most countries, the language barrier prevents gaining detailed data on their national specialist training programs based on publicly available materials alone. Such data are crucial for planning of new curricula, revision of existing curricula, any attempts at harmonization, and to inform policies around international mobility of clinicians. We observed marked differences in the numbers of neurologists and neurosurgeons by country ( Figure 2 ). All the 10 countries with > 20 neurologists/1000 stroke cases per year were in Europe, while some European countries such as Sweden, UK, and Ireland had substantially fewer-these were the same countries where stroke was less often treated by neurologists. Similarly, there were more neurosurgeons than neurologists in Japan and South Korea, the countries where a significant number of stroke patients were treated by neurosurgeons. Our data provide no answer as to whether the observed differences in treatment practices are a consequence of the available workforce or vice versa. Overall resource of neurologists and neurosurgeon were low in low-and middle-income countries (Figure 2) . A possible effective strategy for these countries may be the engagement of their nationals in diaspora in highincome nations who have acquired high levels of skills in stroke medicine to use their expertise and experiences to help build effective systems in their home nations. 26 Our survey was limited to only two responses per country. We sought national experts to help identify existing literature on specialties treating stroke patients. Very little published data were identified, and therefore, most of the estimates are based on expert opinion only. These opinions represent only limited geographic locations and select, more often academic, institutions. It is also possible the national experts missed some existing published data. Therefore, our estimates may not be accurate and probably overestimate specialist involvement in stroke care overall. This underlines the need to collect and publish more high-quality data on medical specialists treating stroke patients which can be used for planning the basic and continuous education of these doctors. Also, the interesting finding of how care of stroke patients is divided equally between neurologists and neurosurgeons in many countries suggests a more collaborative approach might be warranted in medical education, and at scientific society level between these specialties. Finally, our survey was performed in 2014 prior to the publication of the positive endovascular clot retrieval trials. For this reason, we did not collect data on training of interventional neuroradiology. This is an important topic and should be included in future updates of our survey.
To conclude, stroke medicine is practiced by doctors of various training background in different countries of which few have specific training programs for stroke. Still, most do have a scientific society, the first requirement to start evolving such curricula. In many countries, stroke patients are not treated by doctors specialized in stroke medicine, but rather by generalists. Treatment of stroke patients by specialists has been associated with better conformance with guidelines, shorter hospital stays, and improved patient outcomes. 6, 27, 28 Thus, an efficient training system providing stroke specialists would likely have direct benefit on patient outcomes. It would serve stroke patients well to have more stroke specialists taking care of them. No comprehensive data have previously been compiled on the variance of different national practices of educating and scientifically organizing stroke specialists. We hope our data serve to inspire developments in countries where such systems are yet to be implemented, and to promote interaction between existing national organizations.
